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OBJECTIVE

To assess the risk of psychiatric disorders and suicide attempts in children with
type 1 diabetes and their healthy siblings.

RESEARCH DESIGN AND METHODS

We performed a population-based case-cohort study of individuals born in Swe-
den between 1973 and 2009. Children with type 1 diabetes (n = 17,122) and their
healthy siblings (n = 18,847) were identified and followed until their 18th birthday.
Their risk of psychiatric disorders was compared with that of matched control
subjects.

RESULTS

The risk of psychiatric morbidity in children with type 1 diabetes compared with
the general population was tripled within 6 months after the onset of diabetes
(hazard ratio [HR] 3.0 [95% CI 2.7–3.4]) and doubled within the total observation
period (HR 2.1 [95% CI 2.0–2.2]). An increased risk was noted in suicide attempts
(HR 1.7 [95% CI 1.4–2.0]) and in most categories of psychiatric disorders. The risk
of psychiatric disorders in probands declined from HR 2.7 (95% CI 2.2–3.3) for
those in the cohort born 1973–1986 to 1.9 (95% CI 1.8–2.0) in those born 1997–
2009. The risk for any psychiatric disorders among siblings of patients with type 1
diabetes was estimated to be HR 1.1 (95% CI 1.0–1.1), and there was no increased
risk in any of the specific category of disorders.

CONCLUSIONS

Childrenwith type 1 diabetes are at high risk of psychiatric disorders, which seems
to be a consequence of the disease rather than due to a common familial etiology.
The results support recommendations on comprehensive mental health surveil-
lance in children with type 1 diabetes, especially in recently diagnosed children.

For decades, children with type 1 diabetes have been assumed to be at risk for
psychiatric disorders (1). Much of this assertion is based on clinical observations (2–
4). Also, large epidemiological studies have shown increased risks of psychiatric
disorders in other chronic pediatric diseases (5,6), and it is reasonable to assume
that such associations may also be present for type 1 diabetes. Another theory has
been that the threat of serious complications and strict treatment regimen put high
demand on children and their caregivers, which in turn increase the risk for psychi-
atric disorders (7). Nevertheless, the psychiatric disorders among children with type 1
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diabetes have not yet been properly
tested in large samples. Previous studies
on the effect of childhood type 1 diabe-
tes on the development of psychopa-
thology have only used small and highly
selected clinical samples (7–12). These
studies have produced equivocal and in-
conclusive findings. For example, three
studies reported a two- to threefold in-
creased rate of psychiatric disorders in
children with type 1 diabetes compared
with their peers (7–9), whereas other re-
ports showed that there is no association
(11,12).
Exploring the association between

type 1 diabetes and risk of psychiatric
disorders is of high importance for
parents, pediatric endocrinologists, and
researchers and has implications for rec-
ommendations on care of children with
type 1 diabetes. For example, are poten-
tial associations higher in connection
with the onset of type 1 diabetes? Has
the magnitude of the associations
changed with changing treatment prac-
tice of type 1 diabetes during the last
decades?
The main aim of our study was to

assess the risk of psychiatric disorders
in children with type 1 diabetes. To
overcome limitations of previous
studies, we used Swedish registers
with high coverage and prospectively
collected information to study the
risk of psychiatric disorders in a large,
nationwide, population-based data
set. We hypothesized that children
would be especially vulnerable to
development of psychiatric disorders
within a 6-month period after diag-
nosis of type 1 diabetes. We also ex-
pected that secular changes in diabetes
care and diagnostic practice in child
psychiatry would influence the preva-
lence and risk of psychiatric disorders
among children with type 1 diabetes.
In addition, to investigate a possible
mechanism behind the association be-
tween type 1 diabetes and psychiatric
disorders, we performed complemen-
tary analyses on the risk of psychiatric
disorders among healthy siblings of
probands. This enabled us to test the
hypothesis that the association be-
tween psychiatric disorders and type 1
diabetes is caused by familial factors,
where high risk of psychiatric disorders
among healthy siblings of children
with type 1 diabetes would support a
familial effect.

RESEARCH DESIGN AND METHODS
Participants
We used data from the Swedish Child-
hood Diabetes Register (SCDR), Swedish
National Diabetes Register (NDR), and
the Swedish National Patient Register
(NPR) to identify patients (probands)
born in Sweden from 1964 onward
with onset of type 1 diabetes before
18 years of age. Since 1 July 1977, the
SCDR has recorded new incidents of
type 1 diabetes in children below the
age of 15 years with high level of na-
tional coverage (96–99%) (13). In 1996,
the NDR was initiated as a quality mea-
sure in diabetes care at a national level
(14). Annual reports on patients treated
for diabetes are delivered nationwide by
hospitals as well as outpatient and pri-
mary care health centers. NDR provides
information on type of diabetes, date of
onset, and insulin regimen. The NPR
contains data on somatic and psychiatric
inpatient health care since 1973 and
outpatient care since 2001 (15).

For every patient with childhood-
onset type 1 diabetes, we randomly se-
lected 100 control subjects (unexposed
individuals) from the Total Population
Register. Probands and unexposed indi-
viduals were matched by sex, year, and
county of birth. The unexposed individ-
uals were required to be born in Sweden
after 1972, not have diabetes of any
type before the age of 18 years, and be
alive and living in Sweden at the time of
diagnosis of diabetes of the matched
proband (description of study design in
Supplementary Fig. 1). Probands were
divided into cohorts born 1973–1986,
1987–1996, and 1997–2009 based on
the time of diagnosis of type 1 diabetes.
These cohorts were chosen because
they coincide with changes in ICD clas-
sification in Sweden (introduction of
ICD-9 was 1987 and ICD-10 was in
1997). To investigate the mechanism
behind the association between type 1
diabetes and childhood psychiatric dis-
orders, we also studied psychiatric out-
comes in full siblings of the patients with
type 1 diabetes (siblings of probands).
Biological relationship with patients
with type 1 diabetes was established
through the Multi-Generation Register,
which links children to their biological
parents (16). Healthy siblings of pro-
bands were defined as children of the
same parents without a diagnosis of
diabetes of any type before the age of

18 years. Similar to the comparisons be-
tween probands and unexposed, 100
healthy control sibling pairs (unexposed
siblings) were randomly selected and
matched to each case-sibling pair by
sex, year, and county of birth of both
siblings. Both subjects in the relative
control pair were required to be free
of a diabetes diagnosis of any type prior
to the age of 18 years (Supplementary
Fig. 2).

Exposure
Type 1 diabetes was defined as having
such a diagnosis in the SCDR or NDR or
an ICD code in the NPR (ICD-8: 250.00–
250.09; ICD-9: 250A–250X; ICD-10: E10).
ICD-8 and -9 do not distinguish between
type 1 and type 2 diabetes, but in our
age range (#18 years) these codes iden-
tify type 1 diabetes with high positive
predictive value, as type 2 diabetes is
rather infrequent in the Swedish popu-
lation up to 18 years of age (17). We
excluded 70 children who were later re-
diagnosed as having monogenic diabe-
tes (not type 1 diabetes). Furthermore,
153 patients were diagnosedwith type 1
diabetes outside Sweden and therefore
excluded from further analysis owing to
uncertain date of diagnosis and psychi-
atric morbidity prior to diabetes.

Outcome Variables
Outcome variables related to psychiatric
disorders were obtained from the NPR.
The variables were defined in accor-
dance with ICD classifications: 1) any
psychiatric disorders (ICD-8 codes 290–
315, ICD-9 codes 290–319, and ICD-10
codes F00-F99), 2) suicide attempt
(ICD-8/ICD-9 codes E950-E959 or E980-
E989 and ICD-10 codes X60–X84 or Y10–
Y34), 3) psychotic disorders (ICD-8 codes
295 and 297–299; ICD-9 codes 295, 297,
and 298; and ICD-10 codes F20–F29), 4)
mood disorders (ICD-8 codes 296 and
300.4; ICD-9 codes 296, 300E, and 311;
and ICD-10 codes F30–F39), 5) anxiety,
dissociative, stress-related, and somato-
form disorders (ICD-8 code 300, except
300.4, and code 307; ICD-9 code 300,
except 300.E, and 308–309; and ICD-10
codes F40–F45 and F48), 6) eating dis-
orders (ICD-9 codes 307B and 307F and
ICD-10 code F50), 7) psychoactive sub-
stance misuse (ICD-8 codes 291, 303,
and 304; ICD-9 codes 291, 303, 304,
305A, and 305X; and ICD-10 codes
F10–19F), 8) attention-deficit hyperac-
tivity disorder (ICD-9 code 314 and
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ICD-10 code F90), 9) autism spectrum
disorder (ICD-9 code 299 and ICD-10
code F84), 10) intellectual disability
(ICD-8 codes 310–315, ICD-9 codes
317–319, and ICD-10 codes F70–F79),
and 11) other behavioral disorders
(ICD-9 codes 312–313 and ICD-10 codes
F91–F98).

Covariates
Information on sociodemographic char-
acteristics was obtained by linkage to
the biological parents through the
Multi-Generation Register (16). Parental
psychiatric morbidity was defined as at
least one event of the following: psychi-
atric diagnosis (ICD-8 codes 290–315,
ICD-9 codes 290–319, and ICD-10 codes
F00–F99), suicide attempt (ICD-8/ICD-9
codes E950–E959 and ICD-10 codes
X60–X84 in the NPR), or death by suicide
(obtained from the Cause of Death Reg-
ister) (18). Data on parental country of
birth came from the Migration Register.
Parental level of education was ex-
tracted from the Education Register,
the LISA database (the longitudinal in-
tegration database for health insurance
and labor market studies [with Swedish
acronym]), and the population censuses
from the years of 1970, 1975, and 1985
(19,20). In all patients, the highest level
of education obtained by either parent
was used in the multivariate analyses.
The Medical Birth Register provided
data on perinatal factors (21).

Statistical Analysis
Baseline characteristics were compared
between probands and controls by a x2

test or Student t test for mean values
(Supplementary Table 1). Because of
baseline differences between groups,
not fully controlled by matching, sub-
sequent analyses were additionally
adjusted for covariates. The risk of psy-
chiatric disorders (outcome) related
to diagnosis of type 1 diabetes (expo-
sure) was estimated with the Cox pro-
portional hazards model conditioned
on the matching variables (sex and year
and county of birth). Follow-up began on
diagnosis of diabetes (the date of first
dose of insulin) and ended with first re-
ported event of the diagnosis of psychi-
atric disorder, emigration from Sweden,
death, or end of the study period (31
January 2010). Censoring dates of death
or emigration were extracted from the
Cause of Death Register and the Migra-
tion Register, respectively (18,22). To

control for censored observations, we
calculated prevalence of psychiatric dis-
order by the Kaplan-Meier method. The
prevalence of psychiatric disorders was
estimated for the 10-year period after
the onset of diabetes. This enables fur-
ther comparison of estimates between
cohorts and previously reported clinical
samples.

Likewise, using the sibling data, we
analyzed the relation between exposure
(having a sibling with type 1 diabetes)
and outcome of psychiatric disorders
with the Cox model. The sibling cohorts
were observed since their birth to the
end of observation defined as above.
Similarly, siblings of control subjects
were observed from birth. As a side
note, this will automatically result in a
slightly higher prevalence among the
control subjects to probands compared
with control subjects of siblings. A robust
sandwich estimator functionwas used to
adjust for family clusters. Missing data
were not replaced by any method but
categorized as “unknown” for analyses.
Statistical analyses were undertaken
with SAS software (version 9.3; SAS,
Cary, NC). The study was approved
by the Regional Ethics Committee at
Karolinska Institutet, Stockholm, Sweden.

RESULTS

Baseline Characteristics
The mean 6 SD age at onset of type 1
diabetes was 9.3 6 4.5 years. The me-
dian follow-up time of the patients with
type 1 diabetes was 5.8 years (inter-
quartile range 2.8–9.4).

Baseline characteristics of probands
with type 1 diabetes, their healthy sib-
lings, and theirmatched control subjects
are presented in Supplementary Table 1.
Parents of probands were more likely to
be over 35 years of age at the time of
child’s birth, have Scandinavian origin,
and have an upper secondary level of
education compared with the parents
of their peers. Probands seemed to
more often be born moderate to late
preterm (32–36 gestational age), with
high birth weight (.3,500 g) and large
for gestational age. In 403 (2.4%) pro-
bands, psychiatric disorders were recog-
nized before the onset of type 1
diabetesdsignificantly more often
than among control subjects the same
age (N = 33,928 [2.0%]). Subsequent
analyses were adjusted to those dis-
crepancies between groups.

Risk for Psychiatric Disorders
In total, psychiatric disorders were rec-
ognized in 1,428 (8.3%) probands, of
whom 259 had more than one disorder.
After adjustment for sociodemograhic
and perinatal factors, probands were
2.1 times more likely to receive psychi-
atric diagnoses and 1.7 timesmore likely
to attempt suicide than control subjects
(Table 1). Probands had an increased
risk for mood disorders (hazard ratio
[HR] 2.0 [95% CI 1.8–2.3]), anxiety dis-
orders (HR 1.6 [95% CI 1.4–2.0]), eating
disorders (HR 2.2 [95% CI 1.8–2.6]), sub-
stance misuse (HR 2.6 [95% CI 2.4–2.9]),
attention-deficit hyperactivity disorder
(HR 1.5 [95% CI 1.3–2.7]), behavioral dis-
orders (HR 2.2 [95% CI 2.0–2.4]), autism
spectrum disorder (HR 1.7 [95% CI 1.4–
2.0]), and intellectual disability (HR 1.8
[95% CI 1.5–2.1]) compared with
healthy peers.

Increased risk of suicidal attempts
was significant only for diagnoses from
inpatient care (HR 1.8 [95% CI 1.5–
2.2])dnot for outpatient care (HR 1.4
[95% CI 1.0–2.0]; P = 0.07). Other psy-
chiatric diagnoses were significant for
both in- and outpatient care (data not
shown).

Overall, risk of psychiatric disorders
increased with age at onset of type 1
diabetes (age of onset,7 years: HR 1.9
[95% CI 1.7–2.0] vs. age of onset
$12 years: HR 2.4 [95% CI 2.1–2.6]).
The highest risk of psychiatric disorder
in all age-groups was noted within
the first 6 months after diagnosis of
type 1 diabetes and declined with
time (Table 2).

Changes in the Prevalence and Risk of
Psychiatric Disorders in Type 1 Diabetes
During 1973–2009
The overall prevalence of psychiatric
disorders in probands was 11.4% (95%
CI 10.8–12.0) in 10 years after the onset
of type 1 diabetes in the entire sample.
When analyzed by cohort, the 10-year
prevalence of psychiatric disorders in-
creased threefold over the period of
the study (Table 3). The prevalence
was lowest in the cohort with onset of
type 1 diabetes in 1973–1986 (4.6%
[95% CI 3.7–5.7]), when psychiatric di-
agnoses were based on the ICD-8 clas-
sification. The prevalence of psychiatric
disorders doubled in 1987–1996 with
ICD-9 (8.4% [95% CI 7.5–9.4]). Introduc-
tion of ICD-10 resulted in further
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increase in prevalence of psychiatric
disorders (15.3% [95% CI 14.4–16.3])
in 1997–2009. This was true for all
groups of disorders. A similar trend
was observed in the healthy control
subjects, where the 10-year prevalence
of psychiatric disorders was 1.5 (95% CI
1.5–1.6), 3.1 (95% CI 3.0–3.1), and
8.7 (95% CI 8.7–8.8), respectively, for
ICD-8, ICD-9, and ICD-10. Interestingly,
the risk of psychiatric disorders among
probands in comparison with control
subjects actually declined (HR 2.7 [95%
CI 2.2–3.3] for ICD-8, HR 2.5 [95% CI
2.3–2.8] for ICD-9, and HR 1.9 [95% CI
1.8–2.0] for ICD-10). This trend was
particularly evident in suicide attempts,
behavioral disorders, and intellectual
disabilities (Table 3).

Siblings of Patients With Type 1
Diabetes
Psychiatric disorders were observed in
1,059 (5.6%) siblings of probands, and
191 of these children received two or
more psychiatric diagnoses. The adjusted
risk for childhood psychiatric disorders
among healthy full siblings of a patient
with type 1 diabetes was estimated at HR
1.1 (95% CI 1.0–1.1); for suicide attempts,
the HR was 1.2 (95% CI 1.0–1.4; P = 0.12).
When analyses were conducted sepa-
rately for different categories of psychiat-
ric disorders, none of the categories were
statistically significant (Table 4).

CONCLUSIONS

This is the first large-scale population-
based study on risk for psychiatric

disorders in children with type 1 diabe-
tes. Our findings support previous clin-
ical observations that these patients
are at increased risk for psychiatric
morbidity (3,4). We found increased
risks for different diagnostic categories
of disorders suggesting that psycholog-
ical assessment restricted to mood and
anxiety disorders probably is too lim-
ited (23). Furthermore, our findings
offer valuable insight into the etiology
of psychiatric comorbidity in type 1
diabetes. Lack of risk of psychiatric dis-
orders among siblings of patients sug-
gests that there is no shared genetic
susceptibility between those condi-
tions (24).

Results in Relation to Other Studies
Our findings provide robust evidence for
psychiatric comorbidity in pediatric pa-
tients with type 1 diabetes. Previous
case-control studies have yielded incon-
sistent results, primarily due to insuffi-
cient power for dichotomous variables
(25–28).

Results from this study confirm pre-
vious observations on high risk for psy-
chiatric disorders within the first 6
months of diabetes diagnosis. This may
be related to a crisis reaction hampering
adjustment to treatment requirements,
but it may also involve poor disease con-
trol in the initial phase (4). A recent
study by Cameron at al. (29) demon-
strated that impaired mental state in
children with new-onset type 1 diabetes

Table 1—HRs (95% CI) for psychiatric disorders in childhood and adolescence in relation to diagnosis of type 1 diabetes

Probands: patients
with type 1 diabetes

(n = 17,122)

Unexposed individuals:
control group
(n = 1,696,611) Univariate* Multivariate**

Any psychiatric disorder 1,428 (8.3) 70,483 (4.2) 2.1 (2.0–2.2) 2.1 (2.0–2.2)

Suicide attempt 129 (0.8) 7,427 (0.4) 1.7 (1.4–2.0) 1.7 (1.4–2.0)

Psychotic disorders 7 (0.0) 791 (0.1) 0.9 (0.4–1.8) 0.9 (0.4–1.8)

Mood disorders 210 (1.2) 10,286 (0.6) 2.0 (1.8–2.3) 2.0 (1.8–2.3)

Anxiety, dissociative, stress-related,
and somatoform disorders 178 (1.0) 10,737 (0.6) 1.6 (1.4–2.0) 1.6 (1.4–2.0)

Eating disorders 102 (0.6) 4,656 (0.3) 2.2 (1.8–2.7) 2.2 (1.8–2.6)

Substance misuse 370 (2.2) 13,997 (0.8) 2.6 (2.4–2.9) 2.6 (2.4–2.9)

Attention-deficit hyperactivity disorders 211 (1.2) 13,575 (0.8) 1.5 (1.3–1.8) 1.5 (1.3–2.7)

Other behavioral disorders 340 (2.0) 15,477 (0.9) 2.2 (2.0–2.4) 2.2 (2.0–2.4)

Autism spectrum disorders 114 (0.7) 6,924 (0.4) 1.6 (1.4–2.0) 1.7 (1.4–2.0)

Intellectual disability 127 (0.7) 7,312 (0.4) 1.7 (1.4–2.4) 1.8 (1.5–2.1)

Data are n (%) with outcome or HR (95% CI). *Conditional analysis adjusted to age at the time of recruitment, sex, year, and county of birth by
matching. **Multivariate Cox regression additionally adjusted for socioeconomic factors (maternal/paternal age at childbirth, maternal/paternal
psychiatric history, maternal/paternal country of birth, level of education of higher educated parent), perinatal variables (gestational age, birth
weight, being born small for gestational age, being born large for gestational age, Apgar score), and history of psychiatric disorders prior to the
recruitment.

Table 2—HRs (95% CI) for psychiatric disorders in relation to diagnosis of type 1
diabetes, stratified by age at onset and duration of type 1 diabetes

Age at onset of
type 1 diabetes (years)

Duration of type 1 diabetes (years)

Total,0.5 0.5–4 .5

,7 2.7 (1.9–3.7) 2.0 (1.7–2.3) 1.8 (1.6–2.0) 1.9 (1.7–2.0)

7–11 3.3 (2.6–4.1) 1.9 (1.7–2.2) 2.1 (1.8–2.4) 2.1 (1.9–2.3)

$12 3.0 (2.5–3.6) 2.2 (1.9–2.5) 1.7 (0.8–3.5) 2.4 (2.1–2.6)

Total 3.0 (2.7–3.4) 2.0 (1.9–2.2) 1.9 (1.7–2.1) 2.1 (2.0–2.2)

Multivariate conditional analysis adjusted to age at the time of recruitment, sex, year, and
county of birth by matching and additionally adjusted for variables included in the model:
socioeconomic factors (maternal/paternal age at childbirth, maternal/paternal psychiatric
history, maternal/paternal country of birth, level of education of higher educated parent),
perinatal variables (gestational age, birth weight, being born small for gestational age, being born
large for gestational age, Apgar score), and history of psychiatric disorders prior to the recruitment.
Observations were censored for any psychiatric disorder diagnosed in previous follow-up period
after onset of type 1 diabetes.
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may be attributed to the brain injury re-
lated to severe ketoacidosis.
Our data provide evidence for cohort

effects in the prevalence and the risk of
psychiatric disorders among children
with type 1 diabetes. In our sample,
the prevalence of psychiatric disorders
10 years after onset of type 1 diabetes
tripled from 3.8% in those born 1973–
1986 to 16.7% for the cohort born
1997–2009. The 10-year prevalence
was studied previously by Kovacs et al.

(3), who found that 47.6% from the
cohort diagnosed with type 1 diabetes
between 1981 and 1984 developed
psychiatric disorders. However, meth-
odological discrepancies between
register-based and case-series observa-
tional studies make comparison with
this study difficult. Changes in diabetes
care such as more demanding insulin
regimens and higher responsibility of
youths and their caregivers for treatment
decisions could theoretically be an

explanation for the increased psycholog-
ical burden in patients with type 1 dia-
betes in recent years. But similar trends
among control subjects suggest that
more general factors are responsible
for the increased rates of psychiatric dis-
orders. Most likely, this trend is related
to changes in ICD classification and sec-
ular drift in diagnostic praxis. A meta-
analysis showed that in more recent
studies, the differences in psychiat-
ric symptoms between children with

Table 3—Prevalence 10 years after diagnosis of type 1 diabetes and HRs for psychiatric disorders by diabetes diagnosis cohort

Prevalence, % (95% CI) HR (95% CI)**

1973–1986 1987–1996 1997–2009 1973–1986 1987–1996 1997–2009

Any psychiatric disorder 3.8 (3.0–4.8) 8.8 (7.8–9.8) 16.7 (15.4–18.1) 2.7 (2.2–3.3) 2.5 (2.3–2.8) 1.9 (1.8–2.0)

Suicide attempt 0.5 (0.2–0.9) 1.1 (0.8–1.6) 1.4 (1.0–1.9) 2.1 (1.4–3.2) 1.7 (1.3–2.2) 1.6 (1.3–2.1)

Psychotic disorders 0.1 (0.0–0.1) 0.1 (0.0–0.4) 0.1 (0.0–0.3) 1.3 (0.3–5.1) 0.7 (0.2–2.9) 0.9 (0.3–2.7)

Mood disorders 0.2 (0.0–0.5) 0.7 (0.5–1.1) 3.4 (2.7–4.3) 2.2 (1.0–5.2) 2.0 (1.6–2.6) 2.0 (1.7–2.4)

Anxiety, dissociative, stress-related,
and somatoform disorders 0.6 (0.3–1.0) 0.6 (0.4–0.9) 1.2 (0.9–1.7) 2.0 (0.9–4.4) 1.6 (1.2–2.2) 1.6 (1.4–1.9)

Eating disorders 0.3 (0.1–0.7) 0.6 (0.4–0.9) 1.5 (1.1–2.1) 2.3 (1.1–4.7) 2.2 (1.6–3.1) 2.1 (1.7–2.8)

Substance misuse 0.6 (0.4–1.1) 3.3 (2.7–4.0) 4.5 (3.8–5.5) 2.3 (1.6–3.3) 3.0 (2.5–3.5) 2.4 (2.1–2.8)

Attention-deficit hyperactivity disorders 0.0 (0.0–0.0) 1.0 (0.7–1.4) 3.2 (2.7–3.9) 1.0 (0.1–6.7) 2.3 (1.7–3.1) 1.4 (1.2–1.6)

Other behavioral disorders 1.3 (0.8–1.9) 1.9 (1.5–2.5) 4.5 (3.9–5.3) 3.5 (2.3–5.2) 2.5 (2.0–3.1) 2.0 (1.8–2.3)

Autism spectrum disorders* d 0.4 (0.2–0.7) 1.7 (1.3–2.1) d 1.7 (1.1–2.6) 1.7 (1.4–2.1)

Intellectual disability 0.3 (0.1–0.6) 0.6 (0.4–1.0) 1.2 (1.0–1.6) 2.2 (1.2–4.2) 2.0 (1.4–2.9) 1.7 (1.4–2.1)

*In ICD-8, autism spectrum disorders were classified as a schizophrenia in psychotic disorders. **Multivariate-adjusted HRs (95% CI) for psychiatric
disorders in children with type 1 diabetes when comparing with matched unexposed individuals. Multivariate Cox regression adjusted for
socioeconomic factors (maternal/paternal age at childbirth, maternal/paternal psychiatric history, maternal/paternal country of birth, level of
education of higher educated parent), perinatal variables (gestational age, birth weight, being born small for gestational age, being born large for
gestational age, Apgar score), and history of psychiatric disorders prior to the recruitment.

Table 4—HRs (95% CI) for psychiatric disorders in childhood and adolescence when comparing siblings of patients with type 1
diabetes and siblings of healthy individuals

Siblings of probands: siblings
of patients with type 1 diabetes

(n = 18,847)

Unexposed siblings: siblings
of healthy individuals

(n = 1,077,951) Univariate* Multivariate**

Any psychiatric disorder 1,059 (5.6) 56,366 (5.2) 1.1 (1.0–1.2) 1.1 (1.0–1.1)

Suicide attempt 107 (0.6) 5,152 (0.5) 1.2 (1.0–1.5) 1.2 (1.0–1.4)

Psychotic disorders 7 (0.0) 520 (0.1) 0.8 (0.4–1.7) 0.8 (0.4–1.7)

Mood disorders 117 (0.6) 6,774 (0.6) 1.0 (0.8–1.2) 1.0 (0.8–1.2)

Anxiety, dissociative, stress-related,
and somatoform disorders 122 (0.7) 7,348 (0.7) 1.0 (0.8–1.2) 0.9 (0.8–1.1)

Eating disorders 85 (0.5) 4,592 (0.4) 1.1 (0.9–1.4) 1.1 (0.9–1.4)

Substance misuse 193 (1.0) 9,713 (0.9) 1.2 (1.0–1.4) 1.2 (1.0–1.3)

Attention-deficit hyperactivity disorders 151 (0.8) 8,523 (0.8) 1.1 (1.0–1.3) 1.1 (0.9–1.2)

Other behavioral disorders 265 (1.4) 13,801 (1.3) 1.1 (1.0–1.3) 1.1 (1.0–1.2)

Autism spectrum disorders 82 (0.4) 4,845 (0.5) 1.0 (0.8–1.2) 1.0 (0.8–1.2)

Intellectual disability 123 (0.7) 6,164 (0.6) 1.2 (1.0–1.4) 1.2 (1.0–1.4)

Data are n (%) with outcome or HR (95% CI). *Conditional analysis adjusted to age at the time of recruitment, sex, year, and county of birth by
matching. **Multivariate Cox regression additionally adjusted for socioeconomic factors (maternal/paternal age at childbirth, maternal/paternal
psychiatric history, maternal/paternal country of birth, level of education of higher educated parent) and perinatal variables (gestational age, birth
weight, being born small for gestational age, being born large for gestational age, Apgar score). CIs for all outcomes except any psychiatric disorder
include 1.0.
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diabetes and control subjects were actu-
ally smaller than observed previously
(25). When we stratified our analysis on
the time of diabetes diagnosis, we noted
steady decline in the relative risk of
psychiatric disorders among probands
compared with control subjects. This
suggests that advances in diabetes care
made over the past four decades, such as
the introduction of an intensive insulin
treatment in children allowingmore flex-
ible lifestyle and dietary freedom com-
paredwith conventional insulin regimen,
might be associated with the reduced
risk of mental health problems.

Implications
We showed that psychiatric comorbidity
in children with type 1 diabetes is more
complex than previously thought. Dia-
betes increased risk for most categories
of psychiatric disorders, and almost
one-fifth of children with diabetes and
psychiatric disorders had two or more
psychiatric disorders. This supports ex-
isting recommendations of comprehen-
sive care of children with type 1 diabetes
(26). Regular screening for disorders
with available simple measures (i.e.,
mood and anxiety disorders) would be
valuable. A close cooperation between
pediatric diabetes teams and mental
health professionals is needed to moni-
tor the mental health in children with
type 1 diabetes.
Our findings also have implications for

etiological research, as comorbidity be-
tween two diseasesmay result from com-
mon etiological risk factors. Shared
genetic susceptibility has previously
been proposed as a rationale for higher
risk of autism spectrum disorders in type
1 diabetes (27). To assess whether this
hypothesis may explain psychiatric co-
morbidity in type 1 diabetes, we evalu-
ated the risk of different groups of
psychiatric disorders also in healthy sib-
lings of children with type 1 diabetes. We
expected that healthy siblings should
have, similar to their brothers and sisters
with diabetes, higher risk of psychiatric
disorders than the general population.
Slightly higher risk of any psychiatric
disorder was noted among the siblings.
However, despite adequate power (.80%
for HR 1.2) no increased risk was found
in any specific category of psychiatric dis-
orders that might share genetic suscepti-
bility with type 1 diabetes. These results
suggest that associations between type 1

diabetes and psychiatric disorders are
due to biological and/or psychological
effects of diabetes (i.e., consistent
with a causal effect) rather than common
genetic risk factors or within family envi-
ronmental factors.

Strength and Limitations
Strengths of our study include a large-
scale population-based design, prospec-
tively collected data from nationwide
registries, control for several possible
confounders, follow-up period up to
adulthood, definitions of outcome as
diagnosed disorders justifying clinical in-
tervention, and analysis of genetically
informed data on siblings. Nevertheless,
our study does have some limitations
related to register-based methodology.
Children with type 1 diabetes are under
regular diabetological care. High risk of
psychiatric diagnoses in this population
may be biased by care-seeking attitudes
of parents adjusted to high use of the
health care system. Still, the results for
healthy siblings do not suggest that fam-
ilies with diabetes were more likely to
seek help for psychiatric care for their
children. Furthermore, one may argue
that diabetologists could notice symp-
toms that otherwise would not have
been recognized and initiated referral
to mental health services, and this diag-
nostic bias could account for higher
rates of psychiatric disorders in children
with type 1 diabetes. Lack of detailed
clinical data was another limitation
of the study. Noncompliance and per-
sistent high level of glycated hemoglo-
bin in type 1 diabetes is a risk factor
for psychiatric comorbidity and neuro-
developmental problems (28,30,31).
However, we had no data on metabolic
control of disease, sincemedical records
were unavailable.

Summary
In summary, our results have important
clinical implications. First, high risk of psy-
chiatric disorders in children with type 1
diabetes highlights the need for mental
health service as part of gold standard
medical management in this population,
and psychological care should start from
the date of diagnosis of diabetes. Second,
our findings draw attention to the
complexity of psychiatric disorders ac-
companying type 1 diabetes. Design of
cost-effective algorithms aimed at identi-
fying children at risk for having psychiat-
ric comorbidity poses a challenge. Third,

this report challenges the single-disease
approach, which dominates the health
systems, medical education, and clinical
research. This attitude has recently been
questioned, and the need for compre-
hensive care has been recognized (32).
Although physical-mental health comor-
bidity is mostly attributed to the elderly,
our study shows that the pediatric pop-
ulation is not free from such difficulties,
and child health care needs to rise up to
this challenge.
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